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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSTRUMENT TRANSFORMERS -

Part 5: Capacitor voltage transformers

FOREWORD

A PAS s techmicat—specificatiom notfutfittmg—the Tequirerments—for a standard, but nade

availpble to the public.

IEC-PAS 60044-5 has been processed by IEC technical committeg rans-

formers.

The text of this PAS is based on the This PAS wag’approved
following document: publication by the
committee conCern
the foQwin
Draft PAS /W?h ng\
38/279/PAS ( (738/28 RVD

Follgwing publication of this PAS, the\fec

invegtigate the possibility of transformi

1) THe IEC (International Electpste ica i a worldwide organization for standardization comgrising
all natlonal electrotechmc i National Gopfmittees). The object of the IEC is to prpmote
int 5 ing standardization in the electrical and electronic fields. To
th blishes International Standards. Their preparafion is
en Natignal Committee interested in the subject dealt with may
pdrtici governmental and non-governmental organizations liaising
wi The IEC collaborates closely with the International
Orlganization for Stapdardiza accrdance with conditions determined by agreement betwe¢n the
tw|

2) THe formal decisi e of Ahe IEC on technical matters express, as nearly as possible, an
infernational pini e relevant subjects since each technical committee has representation
frgm all inteq i i

3) TH e form of recommendations for international use and are published |n the
fofm © pecifications, technical reports or guides and they are accepted by the N3tional
C(

4) In ernational unification, IEC National Committees undertake to apply IEC International
Sthndards transp y to the maximum extent possible in their national and regional standards. Any
diyergence, between the IEC Standard and the corresponding national or regional standard shall be ¢learly
indlicated-in the latter.

5) ThelEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any

equipment declared to be in conformity with one of its standards.

This PAS shall remain valid for an initial maximum period of 3 years starting from 2002-08.
The validity may be extended for a single 3-year period, following which it shall be revised to

beco

me another type of normative document, or shall be withdrawn.
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INSTRUMENT TRANSFORMERS -
Part 5: Capacitor voltage transformers

1 Scope

This PAS which is a part of International Standard IEC 60044 applies to new single-phase
capacitor voltage transformers connected between line and ground for system voltages Um >
72,5 kV at power frequencies from 15 Hz to 100 Hz. They are intended to supply a low
voltage for measurement, control and protective functions.

The |capacitor voltage transformer can be equipped with or witho ier-frequency
accepsories for power line carrier-frequency (PLC) application at cafh encies [from
30 kiHz to 500 kHz.

The [future standard that should supersede the present PAZ W 2 the  IEC 60186
regafding capacitor voltage transformers.

Threp standards formed the basis for this IEC-PAS 60044

— |IHC 60044-2; concerning inductive voltage transform
— IHC 60358, concerning coupling capacitors

— IHC 60481, concerning coupling de%icesNomrp

The |application measurement functigh | ¢ h\_indication measuring and revenue
measuring.

NOTH Diagrams of capacitor Wltage tfansforme ow% this document applies are given in figures A.1 anfl A.2.

2 Nprmative refere

The following norwajire do text,
constitute provision 9 vent\For dated references, subsequent amendments fo, or
revisjons of, any S icq do not apply. However parties to agreements basgd on
this docume 8, eNCcoL e cent
editipns of the no ;Ftest
edition o ative\dociment referred to applies. Members of ISO and IEC maintain

\v alid\nternational Standards.
IEC 60028:192 terhational standard of resistance for copper

IEC $0038:1983, /IEC standard voltages

IEC 60044-2:1997, Instrument transformers — Part 2: Inductive voltage transformers

IEC 60050-321:1986, International Electrotechnical Vocabulary — Chapter 321: Instrument
transformers

IEC 60050-436:1990, International Electrotechnical Vocabulary — Chapter 436: Power
capacitors

IEC 60050-601:1985, International Electrotechnical Vocabulary — Chapter 601: Generation,
transmission and distribution of electricity — General
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IEC 60050-604:1987, International Electrotechnical Vocabulary — Chapter 604: Generation,
transmission and distribution of electricity — Operation

IEC 60060-1:1989, High-voltage test techniques — Part 1: General definitions and test
requirements

IEC 60071-1:1993, Insulation co-ordination — Part 1: Definitions, principles and rules
IEC 60085:1984, Thermal evaluation and classification of electrical insulation

IEC 60233:1974, Tests on hollow insulators for use in electrical equipment

IEC §0270:1981, Partial discharge measurements

IEC 60358:1990, Coupling capacitors and capacitor dividers

IEC $0481:1974, Coupling devices for power line carrier systems

IEC $0815:1986, Guide for the selection of insulators in respe

CISH ROWe high-
voltage equipment — Part 2: Methods of measuremeyit apd pro [s

3 Definitions

For the purpose of this part of IEC 60044 g.definitions shall apply. Some of fhese

definiitions are identical with or are simila QSE 601
and 604. These are indica i

3.1 General definitiof
3.1.1 capacitor{\:ga e
a vo|tage transformfencs
designed and intersc :
substantially progortjonal

it so

he/secondary voltage of the electromagnetic uIit is
ary voltage, and differs in phase from it by an angle

which is appyoximately an appropriate direction of the connections and fated
freqy £ \ j

3.1.7 ra equengcy of\a capacitor voltage transformer (fR)

the f y i e capacitor voltage transformer has been designed.

3.1.3 standard reference range of frequency
the range-of frequency for which the rated accuracy is applicable.

3.1.4 rated primary voltage (Upgr)

the r.m.s. value of the primary voltage which appears in the designation of the capacitor
voltage transformer and on which its performance is based. [IEV 321-01-12 modified]

3.1.5 rated secondary voltage (Usgr)

the r.m.s. value of the secondary voltage which appears in the designation of the capacitor
voltage transformer and on which its performance is based. [IEV 321-01-16 modified]
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3.1.6 secondary winding

the winding which supplies the voltage circuits of measuring instruments, meters, relays or
similar apparatus.

3.1.7 secondary circuit

the external circuit supplied by the secondary winding of a transformer.

3.1.8 actual transformation ratio

the ratio of the actual primary voltage to the actual secondary voltage. [IEV 321-01-18
modified]

3.1.9 rated transformation ratio (Kg)

the fatio o € rated primary voltage 1o the raied secondary voltage. -01-20
modified]
3.1.10 voltage error (ratio error) for steady state conditions (g,)
the grror which a capacitor voltage transformer introduces into the ast tage
and Which arises when the actual transformation ratio is not equal to S @ation
ratio|Kr. [IEV 321-01-22 modified]
NOTH This definition is only related to components at rated frequen ages,
and dpes not take into account direct voltage components and residual
Voltgge error &y =
wherje:
s of

measurement
3.1.11 phase displacp
the difference in Tas
Pu=(Ps - ©5)
The |directio i i rfect
trangformer. 8 i tage
phasjor ¢ 8 he primary voltage phasor (¢,). It is usually expressed in minutgs or
centiradia
NOTH This definitien is stxictly correct for sinusoidal voltages only.
3.1.12 accuracy class
designation assigned to a capacitor voltage transformer, the errors of which remain within

specified limits under prescribed conditions of use.
3.1.13 burden

admittance of the secondary circuit expressed in siemens and with an indication of the power
factor (lagging or leading).

NOTE The burden is usually expressed as the apparent power in volt-amperes, absorbed at a specified power
factor and at the rated secondary voltage.

3.1.14 rated burden
value of the burden on which the accuracy requirements of this document are based.
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3.1.15 output

a) rated output

the value of the apparent power (in volt-amperes at a specified power factor), which the
capacitor voltage transformer is intended to supply to the secondary circuit at the rated
secondary voltage and with rated burden connected to it. [IEV 321-01-27 modified]

b) thermal limiting output

the value of the apparent power in volt-amperes referred to rated voltage which can be taken
from a secondary winding, at rated primary voltage applied, without exceeding the limits of
temperature rise of 6.5.

NOTE 1 In this condition the limits of error may be exceeded.

NOTE 2 In the case of more than one secondary winding, the thermal limiting output is to be given separately for
each winding.

NOTH 3 The simultaneous use of more than one secondary winding is not permitted unless there is an agregment
betwefen the manufacturer and purchaser.

3.1.16 highest voltage for equipment (U,,)

the highest r.m.s. value of phase-to-phase voltage for which the e and

may pe used in respect of its insulation.
3.1.17 rated insulation level

the (
rega

with

3.1.1

a sy
impe|

high

3.1.1
a sys

3.1.2

a sy
curre

fault

3.1.2

syste
appr
[IEV

NOTE
arcing

vhich
rent.

at an

3.1.2

at a given Jocation“efa three-phase system, and for a given system configuration, the ratio of
the higheést'r.m.s. phase-to-earth power frequency voltage on a healthy phase during a|fault
to eqrth{affecting one or more phases at any point on the system to the r.m.s. phase-to-garth
powerfrequerncy vottage whithrwoutdbeobtaimedatthegivermfocatiomimthe—absemnce of any

such fault. [IEV 604-03-06]

3.1.23 earthed neutral system

system in which the neutral is connected to earth either solidly or through a resistance or
reactance of sufficiently low value to reduce transient oscillations and to give a current
sufficient for selective earth fault protection.

a) A three-phase system with effectively earthed neutral at a given location is a system
characterized by an earth fault factor at this point which does not exceed 1,4.
NOTE This condition is obtained approximately when, for all system configurations, the ratio of zero-sequence

reactance to the positive-sequence reactance is less than 3 and the ratio of zero-sequence resistance to positive-
sequence reactance is less than one.
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b) A three-phase system with non-effectively earthed neutral at a given location is a system
characterized by an earth fault factor at this point that may exceed 1,4.
3.1.24 exposed installation

an installation in which the apparatus is subject to overvoltages of atmospheric origin.

NOTE Such installations are usually connected to overhead transmission lines either directly or through a short
length of cable.

3.1.25 non-exposed installation
an installation in which the apparatus is not subject to overvoltages of atmospheric origin.

NOTE Such installations are usually connected to underground cable networks.

3.1.26 measuring capacitor voltage transformer

a capacitor voltage transformer intended to supply indicating instruments, integratingemgpters
and similar apparatus.

3.1.27 protective capacitor voltage transformer
a capacitor voltage transformer intended to provide a supply to ele

Ur

3.1.28 residual voltage winding

the winding of a single-phase capacitor voltage transforme G hgle-
phasge transformers, for connection in broken delta fo g oducing a resfidual
voItaEe under earth-fault conditions.

3.1.29 rated voltage factor (Fy)

the multiplying factor to be applied
maximum voltage at which a transforme
a spe¢cified time and with the relevant acer

the
s for

3.1.30 rated temperature category of a ¢

the range of temperature citor

voltajge transformer hag
3.1.31 high voltage te
term{nal intende ,

3.1.3
sustai

rable

NOTE

3.1.3

the
wavegform-at the high-voltage terminal under transient conditions.

tage

3.1.34 mechanical stress

the stresses on different parts of the capacitor voltage transformer as a function of four main
forces:

— forces on the terminals due to the line connections,

— forces due to the wind on the cross-section of the capacitor voltage transformer with and
without line trap mounted on the top of the coupling capacitor,

— seismic forces and

— electro dynamic forces due to short circuit current.

3.1.35 voltage-connected CVT
the CVT is voltage-connected when there is only one connection to the high voltage line.

NOTE Under normal conditions the top connection carries only the current of the capacitor voltage transformer.
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3.1.36 current-connected CVT
the CVT is current-connected when there are two connections to the high voltage line.

NOTE The terminals and the top connection are designed to carry under normal conditions the line current.

3.1.37 line trap-connected CVT

the CVT is line trap-connected when it supports a line trap on its top. In this case, the two
connections to the line trap carry the HV line current and one connection from the line trap to
the CVT carries the CVT current.

NOTE The pedestal mounting line traps in two phases are generating additional forces during a short circuit in
more than one phase.

3.2 Capacitor voltage divider definitions

3.2.1rb'a'p'a'b1‘rarvm'ﬁ'g'é—u'lvm'5r
a capacitor stack forming an alternating voltage divider. [IEV 436-02-10]

3.2.2 capacitor element

a deyice consisting essentially of two electrodes separated by a dielectxicy -0B]

3.2.3 capacitor unit

an agsembly of one or more capacitor elements in the sa terminals brgught

out. [IEV 436-01-04]

NOTH A common type of unit for coupling capacitors has a cy}indrica si S gting material and mjetallic
flangds which serve as terminals.

3.2.4 capacitor stack
an agsembly of capacitor units connects

NOTH The capacitor units are usually mounted/in a vertical a
3.2.5 capacitor

a general term used whs
capa

3.2.6 rated capi;‘
the dapacitance vallg

NOTH This definitionappli

o fof a capacitor uni,

e for a capacitor ste i earth
tefminals_of 5

o fofa

3.2.7 coupling.capacitor

e transmission of signals in a power system. [IEV 436-02-11]

a cajacitor used fo

3.2.8 “high voltage capacitor (of a capacitor divider) (C1)

the capacitor connected between the line terminal and the intermediate voltage terminal of a
capacitor divider. [IEV 436-02-12 modified]

3.2.9 intermediate voltage capacitor (of a capacitor divider) (C>)

the capacitor connected between the intermediate voltage and the low voltage terminals of a
capacitor divider. [IEV 436-02-13]

3.2.10 intermediate voltage terminal of a capacitor divider

a terminal intended for connection to an intermediate circuit, such as the electromagnetic unit
of a capacitor voltage transformer. [IEV 436-03-03]
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3.2.11 low voltage terminal of a capacitor divider

a terminal (N) intended for connection to earth either directly or via a drain coil of negligible
value of impedance, at rated frequency, for power line carrier (PLC) application. [IEV
436-03-04 modified]

3.2.12 capacitance tolerance
the permissible difference between the actual capacitance and the rated capacitance under
specified conditions. [IEV 436-04-01]

3.2.13 equivalent series resistance of a capacitor

virtual resistance which, if connected in series with an ideal capacitor of capacitance value
equal to that of the capacitor in question, would have a power loss equal to the active power

dissif\n{’nd mthat canacitar nAdar cnanifind Anaratina ~anAitiane At o A ANl hinh feaniianay
PotC Tt o P o Tt o o o e T o P e ot C O o p Tt g o Ot oot grv o g oot Toyy .

3.2.14 high frequency capacitance

the gffective capacitance at a given frequency resulting from the jojg g tREe intrinsic
capalcitance and the self-inductance of a capacitor. [IEV 436-04-03]
3.2.15 intermediate voltage of a capacitor divider (U¢)

the \Joltage between the intermediate voltage terminal of Ak ACi divider’and the low
voltage terminal, when the primary voltage is applied betwes i and low vo|tage
terminals or high voltage terminal and earth terminal.

3.2.16 rated voltage ratio of a capacitor divide CR

the ratio of the voltage applied to
voltage. [IEV 436-04-05]

NOTH 1 This ratio corresponds to the sum of the capaci
capacijtors divided by the capacitance of the high voltage capacitor:

e _capasitor ivier@ the>open-circuit intermediate

§ of the—tigh voltage and intermediate vpltage
1+ C2)/ Cq1 = Ker.

NOTH|
3.2.1
the 4

enevdlly negligible.

436-04-10]

3.2.1
ther

d capacitor
the reactive power P,: tand = P,/P,.

3.21 | < i€ gapacitance (T¢)

AC
AT 1
o - o]
C Cogoc LK
AC represents thé observed change in capacitance over the temperature interval AT
Coo-d . <represents the capacitance measured at 20 °C.

NOTE™ The term ACI/AT according to this detnition I1s usable only 1T the capaciiance Is an approximate linear
function of the temperature in the range under consideration. If not, the temperature dependency of the
capacitance should be shown in a graph or a table.

3.2.20 stray capacitance of the low voltage terminal
the stray capacitance between the low voltage terminal and the earth terminal.

3.2.21 stray conductance of the low voltage terminal
the stray conductance between the low voltage terminal and the earth terminal.

3.2.22 dielectric of a capacitor
the insulating material between the electrodes.
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3.3 Electromagnetic unit definitions

3.3.1 electromagnetic unit

the component of a capacitor voltage transformer, connected between the intermediate
voltage terminal and the earth terminal of the capacitor divider (or possibly directly connected
to earth when a carrier-frequency coupling device is used) which supplies the secondary
voltage.

NOTE An electromagnetic unit essentially comprises a transformer to reduce the intermediate voltage to the
required value of secondary voltage, and a compensating inductance approximately equal, at rated frequency to

the capacitive reactance of the two parts of the divider connected in parallel (C; + C,). The compensating
inductance may be incorporated wholly or partially in the transformer.

3.3.2 intermediate transformer

e, is
high
voltage terminal of the primary winding of the intermediate trans parth
term{nal and the earth-side terminal of the primary winding of i er or
incorporated in the primary and secondary windings of mer.
NOTE The design value L of the inductance is L=
3.3.4 damping device
deviges incorporated in the electromag
a) limiting overvoltages which may app
b) and/or to prevent sustained ferro-re
c) a tage

—

ansformer.

3.4 [Carrier-frequency acce

3.4.1 carrier-fr@
circujt element i
connected between

impeldance whic
(seeffigure A.

injection of carrier frequency signal and whig¢h is
minal of a capacitor divider unit and earth, having an
er frequency, but appreciable at the carrier frequéncy.

3.4.2
anin 2 wWhiek ected between the low voltage terminal of a capacitor divide[ and
earth. 3 of the drain coil is insignificant at power frequency, but has afhigh

value at the carrier freguency.

3.4.3 voltage limitation element

an elementconnected-across-the -drain-coilor-between-low voltage terminal of the capadcitor
g ~

voltage divider and earth to limit the overvoltages which appear across the drain coil:

a) at a short circuit between the high-voltage terminal and earth;

b) in the case where an impulse voltage is applied between the high voltage terminal and
earth.

3.4.4 carrier earthing switch

a switch for earthing, when necessary, of the low voltage terminal.
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4 General requirements

All capacitor voltage transformers shall be suitable for measuring purposes, but, in addition,
certain types may be suitable for protection purposes. Capacitor voltage transformers for the
dual purpose of measurement and protection shall comply with all clauses of this document.

5 Service conditions

Detailed information concerning classification of environmental conditions is given in
IEC 60721 series.

5.1 Normafl service conditions

5.1.1 Ambient air temperature

The ¢apacitor voltage transformers are classified in three categorie

Table 1 — Rated ambient temperature caé}o(\

Category Minimum temperature MW%ure
°C
_5/40 5 / 40\
-25/40 —25 /\\ >/ A M
—40/40 > ( Q

NOTE In the choice of the temper ure ory, toraWransportatlon conditions
should also be considered.

5.1.2 Altitude

The gltitude does not exces

5.1.3 Vibration@ 3
Vibrgtions due to Xadse

negligible.

are

b) the ambient airN
salt;

c) the Conditions of humidity are as follows:

s/hot significantly polluted by dust, smoke, corrosive gases, vapoufs or

1) the average value of the relative humidity, measured during a period of 24 h, does not
exceed 95 %;

2) the average value of the water vapour pressure for a period of 24 h, does not exceed
2,2 kPa;

3) the average value of the relative humidity, for a period of one month, does not exceed
90 %; the average value of the water vapour pressure, for a period of one month, does
not exceed 1,8 kPa.

For these conditions, condensation may occasionally occur.

NOTE 1 Condensation be expected where sudden temperature changes occur in periods of high humidity.

NOTE 2 To withstand the effects of high humidity and condensation, such as breakdown of insulation or corrosion
of metallic parts, capacitor voltage transformers designed for such conditions should be used.

NOTE 3 Condensation may be prevented by special design of the housing, by suitable ventilation and heating or
by the use of dehumidifying equipment.
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5.1.5 Other service conditions for outdoor capacitor voltage transformers

Other considered service conditions are the following:

a) average value of the ambient air temperature, measured over a period of 24 h, does not

exceed 35 °C;

b) solar radiation up to a level of 1 000 W/m2 (on a clear day at noon) should be considered;
c) the ambient air may be polluted by dust, smoke, corrosive gases, vapours or salt. The

pollution does not exceed the pollution levels given in table 6;

d) the wind pressure does not exceed 700 Pa (corresponding to 34 m/s wind speed);

e) account should be taken of the presence of condensation or precipitation.

5.2 Special service conditions

Whep capacitor voltage transformers may be used under conditions differe

service conditions given in 5.1, the user’s requirements should refer to s
folloys.

5.2.1 Altitude

For ipstallation at an altitude higher than 1 000 m, the arcing.dis

reference atmospheric conditions shall be determined b
required at the service location by factor k in accorda

2 1 — Altitude correction factor for the insulation

1 R
0 X — g
1,3 - \// / m =0.75
RN
14 | [\ g
| o
S 2 )<>\/
1 " " " "
00\\@0 2500 3000 3500 4000
h [m]

rmal
bS as

lized

Thesd factors ‘can’be calgdlated with the following equation:
k - em (H - 1000)/8150
where
H is the altitude in metres;
m =1 for power-frequency and lightning impulse voltage;

m = 0,75 for switching impulse voltage.

NOTE As for the internal insulation, the dielectric strength is not affected by altitude. The method for checking

the external insulation shall be agreed between manufacturer and purchaser.

5.2.2 Ambient temperature

For installation in a place where the ambient temperature can be significantly outside the
normal service condition range stated in 5.1.1, the preferred ranges of minimum and

maximum temperature to be specified should be:

a) -50 °C and 40 °C for very cold climates;
b) -5 °C and 50 °C for very hot climates.
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In certain regions with frequent occurrence of warm humid winds, sudden changes of
temperature may occur resulting in condensation even indoors.

NOTE Under certain conditions of solar radiation, appropriate measures e.g. roofing, forced ventilation, etc. may
be necessary, in order not to exceed the specified temperature rises.

5.2.3 Earthquakes

Requirements and testing are under consideration.

5.3 System earthing

The considered system earthings are:

a) isolated neutral system (see 3.1.18);

b) reisonant earthed system (see 3.1.21);
c) earthed neutral system (see 3.1.23):

6 Ratings

1) solidly earthed neutral system (see 3.1.19)
2)) impedance earthed (neutral) system (see 3.1.20).

6.1 Btandard values of rated frequency
Stangard values are 50 and 60 Hz.
6.2 Standard values of rated voltage

6.2.1 Rated primary voltages Upgr

The citor voltage transformer conngcted
betw or between a system neutral point and
earth m voltage

Prefé

NOTHE nsformer as a measuring or protection transformer is baged on
the rg ated insulation level is based on one of the highest voltages for
equip

6.2.2

The age Usgr shall be chosen according to the practice at the location
wher 0 be used. The values given below are considered standard values
for cppacitor volt sransformers connected between one phase and earth in three-phase

systgms.

2) Based on the current practice in some countries:

a)@

NE)

V for distribution systems;

V for transmission systems.

NOTE 1 The rated secondary voltage for windings intended to produce a residual voltage is given in 15.6.1.

NOTE 2 Whenever possible, the rated transformation ratio should be of a simple value.
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6.3 Standard values of rated output
The standard values of rated output at a power factor of 1, expressed in volt-amperes, are:
1,0; 1,5; 2,5; 3,0; 5,0; 7,5 VA (burden range |, in 9.8).

The standard values of rated output at a power factor of 0.8 lagging, expressed in volt-
amperes, are: 10; 15; 25; 30; 40; 50; 100 VA (burden range I, in 9.8).

The values underlined are preferred values.

NOTE For a given transformer, provided one of the values of rated output is standard and associated with a
standard accuracy class, the declaration of other rated outputs, which may be non-standard values but associated
with other standard classes, is not precluded.

6.4 Standard values of rated voltage factor

The |voltage factor is determined by the maximum operating volta PN turp, s
depeindent on the system earthing conditions.

The |standard voltage factors appropriate to the different earthi /given in
tableg 2 below, together with the permissible duration of maximiym o e (i.e. rated
time).

Tahle 2 — Standard values of rated voltage factorsm

ermal requirements

/)
Rateld voltage Rated time e h\{gng connecting the primary terminal
factor and/ sys earthing conditions
Fy

1,2 Continuous etiveen phase and earth in an effectively
earthed neutral system (3.1.23 a
1,5 30s N\ utral system ( )
1,2 Contin@ etween phase and earth in a non-effectively earthed
19 0s \k eutral sy (3.1.23 b) with automatic earth-fault tripping.

N

1,2 Cor{tin}mf\ Between phase and earth in an isolated neutral system (3.1.18)
ithgut automatic earth-fault tripping or in a resonant earthed

1.9 < > %‘ < system (3.1.21) without automatic earth-fault tripping.

Mgreement between manufacturer and user.

NOTH

NOTE
voltag

NOTE

ased on the highest voltage for equipment Uy, (IEC 60071-1).

quiremients of a capacitor voltage transformer are based on the pfimary rated

ge of a capacitor voltage transformer must be lower or equal to|the highest

voltag i rated primary voltage Upgr multiplied with the rated voltage factor 1.2 fof continuous

servid

6.5

Unless otherwise specified, the temperature rise AT of a capacitor voltage transformer at the
specified voltage, at rated frequency and at rated burden or at the highest rated burden if
there are several rated burdens, at any power factor between 0,8 lagging and unity, shall not
exceed the appropriate value given in table 3.

If ambient temperatures in excess of the values given in 5.1 are specified, the permissible
temperature rise AT in table 3 shall be reduced by an amount equal to the excess ambient
temperature.

If a capacitor voltage transformer is specified for service at an altitude in excess of 1 000 m
and tested at an altitude below 1 000 m, the limits of temperature rise AT given in table 3
shall be reduced by the following amounts for each 100 m that the altitude at the operating
site exceeds 1 000 m:
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a) oil-immersed magnetic units: 0,4 %;

b) dry-type magnetic units: 0,5 %.

. . . AT, .
The altitude correction factor for the temperature rise K, = —" with
ho

AT, temperature rise at altitude h > 1000 m and

AT,, limits of temperature rise AT specified in table 3 at altitudes ho < 1000 m.

N

0,95

0,9 2\

a)g?\\\\\

0,85 N

2000 3000 000
Bt

0,8

1000

The he lowest class of insulation either of
the i which it is embedded. The maximum
temp i i : given in table 3.

Class NW}&%}M with IEC 60085) Maximum temperature fise
ATin K

All cl@sses, im

i 60
When the netic unit is\not\so fit or arranged, the temperature rise AT of
the ofl atg':%p\ tthsing hall not exceed 50 K.

All clgsses, i Mermetically sealed 65

When the magnetic
the tgmperature rise A
K.

an inert gas above the oil, or is hermetically sealed,
the oil at the top of the housing shall not exceed 55

All classes, immersed in bituminous compound 50

Classes not immersed in oil or bituminous compound:

Y 45
A 60
E 75
B 85
F 110
H 135

The temperature rise AT measured on the external surface of the core and other
metallic parts which are in contact with, or adjacent to, insulation shall not
exceed the appropriate values.

NOTE For some materials (e.g. resin) the manufacturer should specify the relevant insulation class.
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7 Design requirements

7.1

Insulation requirements

The choice of the insulation level for capacitor voltage transformer shall be made in
accordance with the standard insulation levels in table 4. The rated insulation levels shall be
based on its highest voltage for equipment Up,.

Applied general rules:

the rated positive wet switching impulse withstand voltage is the base for
determination of the minimum arcing distance (external insulation) of the capacitor voltage

the

transformer;

the strength of the external insulation is usually tested wet with the rated short duration
power frequency withstand voltage (range |) or with the positive wet switching impulse
withstand voltage (range Il) (see 9.5);

the value of the rated lightning impulse withstand voltage is one €acto e the
strength of the dielectric of the capacitors and the strengt [ the
electromagnetic unit;

in| IEC 60071-1, for each Uy, only two standard withstand efine
thie standard insulation level for the equipment:

. rated
. stand
dy g, for
range Il three standard withstand ation
P4 i test
w term
bé mer;
th PD
m acitor
vgltage trans

thie rated insul 5 the
thermal and agt imary
rated voltage &pr

T i 071-
1. and
inptry II be
cd
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Table 4 — Standard insulation levels

Copyright © 2002, IEC

1 2 3 4
Highest voltage for Rated switching Rated lightning Rated short-duration
equipment U, impulse withstand impulse withstand power-frequency
Range voltage voltage withstand voltage
(Routine test)
(r.m.s.) (r.m.s.)
(peak) (peak)
kV kv kV kV
72,5 325 —— 140
100 185
123 185
230
145 0
27
i
170 2
25
245 395
>
300 ——— 395
— 460
362 ——— 460
— 510
420 [——— 570
1} —— 630
525 — 1 630
——— 680
85 14 L 1950 ——~1——  gg0
0 2100 ———— 975
NQTE 1 - For exposed(i i W\ded to choose the highest insulation level.
NQTE 2 - As the(tes = 765 kV have not as yet been finally settied, some interchange
between switching and ligh t levels may become necessary.
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7.2 Other insulation requirements

7.2.1 Low voltage terminal of the capacitor voltage divider

Capacitor voltage dividers with a low-voltage terminal shall be subjected for 1 min to a test
voltage between the low-voltage and earth terminals. The test voltage shall be an a.c. voltage

of 4 kV (r.m.s. value).

7.2.2 Low voltage terminal exposed to weather

If the low voltage terminal is exposed to the weather, it shall be subjected for 1 min to an a.c.

voltage of 10 kV (r.m.s. value) between the low-voltage and earth terminals.

— During this test the magnetic unit is not disconnected.

NOTH The test voltages are applicable to capacitor voltage transformers with and
accespories with overvoltage protection.

— Ifja protection gap between the low voltage terminal and earth i
prevented from functioning during the tests. The carrier frequengy
disconnected during the tests.

— |If|the test voltage is too low for the insulation co-
agcessories with the low voltage terminal, a higher valuemay R
off the purchaser.

7.2.3 Partial discharges
The |partial discharge level shall nof exceed

discharge test voltage specified in the sam
to the procedures of 10.2.3.2.

Partipl discharge requirem
a capacitor unit which is
capaitor voltage dividgr.

The partial disc
The |ow electrica

discharge measurem

uency

ency
juest

artial
rding

or to
f the

cted.
artial
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Table 5 — Partial discharge test voltages and permissible levels

Type of earthing PD test voltage (r.m.s.) Permissible PD level (pC)
of the system Insulation immersed in liquid

Um 10

Earthed neutral system 1.2Um 5
V3

1,2 Um 10

Insulated or non-effectively 1.2 Um

earthed neutral system \/, 5

3

NOTE 1 If the neutral system is not defined, the values given for isolated or non effectively
earthed systems are valid.

NOTE 2 The permissible PD level is also valid for frequencies different
frequency.

NOTE 3 If only parts of the capacitor voltage divider are tested, the v
will be equal to :

rated voltage of the unit

1,05 x test voltage of the CVT
rated voltage of the CVT

or

rated voltage of_th Cw
(N

1,05  test voltage of the CVT x rated voltage of th Sta°57
AN

7.2.4 Chopped lightning impulse tes

The {est is intended to check the internal ¢ ofthe capacitor.

If ad

withs ’ Iltage having a peak value of 115 % of the

The i and a capacitor voltage divider shall not differ fror
% to +10 %. The ratio of the capacitances of any
stack shall not differ by more than 5 % from the recip

rateg
units|
ratio

NOTE

whereg

n ils the'nimber of elements in series

le of
rated

n the
two
rocal

CO is-the r*np::r‘lfnnrn of one gclement

NOTE 2 The actual capacitance should be measured, or referred to, at the temperature at which the rated

capacitance is defined.

7.2.6 Losses of the capacitor at power frequency

The requirements relating to capacitor losses, expressed as tand measured at 10 kV and 0,9

to 1,1 times the UPR may be agreed upon between manufacturer and purchaser.
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NOTE 1 The purpose is to check the uniformity of the production. Limits for the permissible variations may be the
subject of an agreement between manufacturer and purchaser.

NOTE 2 The tané value is dependent on the insulation design and the voltage, the temperature and the
measuring frequency.

NOTE 3 The tand value of certain types of dielectrics is a function of the energization time before the
measurement.

NOTE 4 The losses of the capacitor are an indication of the drying and impregnation process.

NOTE 5 For information typical tand values are for dielectrics, which are impregnated with mineral oil or synthetic
oil, at 20 °C (293 K):

a) Paper: <5.10°
b) Mixed: film-paper-film and paper-film-paper <2.10°
c) Film: <1-10°

7.2.7—Electromagnetic unit

7.2.7.1 Insulation level

a) Tlree rated lightning impulse withstand voltage of the electromagnetj al to

th

test impulse voltage of the CVT times

b) The rated short-duration power-frequency withstand
shall be equal to:

elestromagnetid unit

NOTHE 1 The tests a) can be performed on a co
NOTH 2 For the test b) the electromagnetic uni
NOTH 3 The factor 3.3 is fixed for all Uy, valu

- 140kv  43.275kV g the
X r —
72.5kV 145KV

33 =

7.2.71.2 Between-secfionh j

For windings d
capalple of withstah

r.m.g. for 1 min.

3 kV

7.2.71.3 Sec 2 sulation requirements

The |wi
duration

all be capable of withstanding a rated power-frequency ghort-
of 3 kV r.m.s. for 1 min.

7.2.8 External insujdtion requirements

For putdoor insulation susceptible to contamination, the minimum rated specific creepage
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Table 6 — Creepage distance

Copyright © 2002, IEC

Pollution level

Minimum rated specific creepage distance 1)

Creepage distance

mm/kV 2) Arcing distance
| Light 16 <35
Il Medium 20 <3,5
Il Heavy 25 <4,0
IV Very heavy 31 <4,0

1) For the actual creepage distance, the specified manufacturing tolerances are applicable (see IEC 60233).

2) Ratio of the creepage distance measured in millimetres between phase and earth over the r.m.s. phase to phase

value of the highest voltage in kV for the equipment Ugq (see IEC 60071-1)

Eor other information and

manufacturing tolerances on the creepage distance see IEC 60815.

NOTH 1

NOTH 2 In very lightly polluted areas, specific rated creepage distances low
depending on service experience. 12 mm/kV seems to be a lower limit.

NOTH 3 In the case of exceptional pollution severity, a specific rated cree

adeqyate. Depending on service experience and/or on laboratory test results, a

distance can be used, but in some instances the practicability of washin

NOTE 4 The values are for procelain insulators. Composite insulator
pollution, according to IEC 61462.

be used

y not be
reepage

r performancg against

7.3 Bhort-circuit withstand capabik

The |capacitor voltage transformer sha

an external short-circuit at

7.4 Ferro-Resonance

7.4.1 General
At any voltage b; N

resonance of the
secohdary termi

thout
ts of

[y or

7.4.2 Trans

EF

Us econdary voltage (peak)

Up : Primary voltage (r.m.s.)

Upr g Rated primary voltage (r.m.s.)
Kr : Transformation ratio

Te : Duration of ferro-resonance

EF:

Us(Te) - K
R

V2 Up

_ Kr-Us(Te)-+2-Up

V2 -Up

KR

V2 -Up
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Maximum instantaneous error &. after duration T :

a) Effectively earthed neutral system

Table 7a — Ferro-resonance requirements

Primary voltage U, Ferro-resonance Error
oscillation & F
Duration Tg after duration T:
(r.m.s.) S %
0,8 - Uer <0,5 <10
1,0 - Uer <0,5 <10
1,2 - Upr <0,5 <10
1,5 - Upr <2 < 10(
N

b) Non-effectively earthed neutral system or isolated neutral syste

Table 7b — Ferro-resonance requireréms\

Primary voltage Ferro-resonance
Up oscillation
Duration T¢
(r.m.s.) s

0,8 - Upn ;,6&5 >
1,0‘UPR \ E\QS \
1,2 - Upr /k 9,5

1,9 - Upr \ N

7.5
7.5.1

This > 123 kV tp be

insta S S he radio interference voltage shall not exceed 2500 uV
at

1,1 0

NOTE
7.5.2 Transmitted overvoltage (TO)

The pvérvoltages transmitted from the primary to the secondary terminals shall not exceed
the vialués given in table 8 under test and measuring conditions described in IEC 60044-2.

Type A impulse requirement applies to capacitor voltage transformers for air-insulated
substations, while impulse B requirement applies to capacitor voltage transformers installed
in gas insulated metal-enclosed substations (GIS).

NOTE 1 This requirement is included to meet some electromagnetic compability regulations.

NOTE 2 Type A impulse is representative of voltage oscillations due to spark-gap flashover and switchgear
operation. Type B is representative of the steep front impulses produced during switchgear operations.


https://iecnorm.com/api/?name=f8eb29adef68ecd206fe587fefedb305

- 26 - Copyright © 2002, IEC

Table 8 — Transmitted overvoltage requirements

Type of impulse A B
Peak val f th lied volt U 16\EUm 16\EU"‘
eak value of the applied voltage ) ,
pp ge ( p) /3 3
Wave shape characteristics :
— conventional front time (T) 0,50 us + 20% -
— time to half-value (T,) > 50 ps -
0,
— front time (T4) - 10 ns +20%
- >100 ns
— tail length (T,)
Transmitted overvoltage peak value limits (Ug) 1,6 kV 1,6 kV.
S AN

7.6 Mechanical requirements

Free|standing capacitor voltage transformers shall be capabl the statiq test

loads$ given in table 9.

The specified test loads are intended to be applied i he primary termingls.

Table 9 — Static w/ut&@i
N
Highest tatic w hstaWad Fr
voltage
for equipment N
Q Cz‘@r voltage Afransformers with:
Ui

ad class | Load class Il

hrough current terminals
oltage
tenminals

Un

KV
72,5 t@ 5 1250 2 500
123 to 1 \1@ 2 000 3000
245 to /46 1250 2 500 4000
> 420 500 4000 5 000

E 1\‘% st do not apply to suspended capacitor voltage transformers.

me applications capacitor voltage transformers with through current
Id withstand rarely occurring extreme dynamic loads (e.g. short circuits)
not exceeding 1,4 times the static test load.

NOTE 4 The suspension system of a capacitor voltage transformer or of a capacitor
divider should be so designed to withstand a tensile stress of at least the mass in kg of
a capacitor voltage transformer or of a capacitor divider, with a safety factor of 2,5,
multiplied by 9,81 to get the corresponding force in newtons.

NOTE 5 If the capacitor voltage transformer is used to support a line trap, other test
loads should be agreed between manufacturer and purchaser.

NOTE 6 For some application it may be necessary to establish the resistance to
rotation of the primary terminals. The moment to be applied during the test shall be
agreed between manufacturer and purchaser.
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7.7 Tightness of capacitor voltage divider and electromagnetic unit
7.7.1 Capacitor voltage divider

A capacitor unit or the complete assembled capacitor voltage divider shall be tight in the full
temperature range specified for the applicable temperature category.

7.7.2 Electromagnetic unit

The electromagnetic unit shall be tight in the full temperature range specified for the
applicable temperature category.

8 Classification of tests

The tests specified in this document are classified as type tests, routine tests and-special
tests| The type and routine tests shall be carried out in the same sequénty outlined ip the
flow [chart (see figure 3). At the beginning and at the end of the te aciffance
C, tand and accuracy shall be measured.

Type test
A test made on one transformer or two transformers o onstrate that all
trangformers made according to the same specifigation, comply fhe requirements not

covefed by routine tests.

NOTH 1 idNf it § 3 er #vhich has minor deviations| Such
deviafions should be subject to agreement between m e

NOTH 2 The type test must follow the procedure a:

Rouftjne test
A tegt to which each individ
Spedgial test

A test other than & S 2 ne test, that shall be performed upon agreement
betwgen manufa

8.1 [Type te$

The [foll§ 3 ¥pe tests. For details, reference should be made to the relg¢vant
subclausess

a) afcuracy.check
b)

C) chpacitance and tand measurement at power-frequency (9.2):
™ Ll - J \ 77

—

emperature rise test (9.1);

d) chopped impulse test (9.4.3);

e) EMC radio interference voltage (RIV) tests, if applicable (9.10);

f) short circuit withstand capability test (9.3);

g) lightning impulse test (9.4.2);

h) switching impulse test under wet conditions for the voltage range > 300 kV (9.5.2);

i) wet test for outdoor type transformers with AC voltage for the voltage range < 300 kV
(9.5.1);

j) transient response test (9.9) (valid only for protection capacitor voltage transformers);

k) ferro-resonance test (9.6);
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I) tightness of electromagnetic unit (9.7);
m) accuracy tests (9.8).

After the capacitor voltage transformers have been subjected to the dielectric type tests of
8.1, they shall be subjected to all routine tests of 8.2.

Repeated power frequency tests shall be performed at 80 % of the specified test voltage. The
type tests can be carried out on one or two capacitor voltage transformer according to the
sequence of the flow chart given in figure 3.

The capacitance C of a unit or a stack or a capacitor voltage divider shall not change by more

than AC—C si = C£ during any test procedures (7.2.5).
n

The ¢hoice of one or two transformers is left to the manufacturer.

The fype test report shall include the results of the routine tests.

NOTH 1 AC is the measured change of the capacitance C.

NOTH 2 By an agreement between the manufacturer and the purchase

B
S

ure 3)
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Type Two CVT units | One CVT unit Two CVT units

test First CVT unit ‘ Second CVT unit
|
\

(a) Accuracy check

v ¢ 4

(c) C + tand test < (b) Temp.-rise test
(e) EMC RIV test if applicable (j) Transient response test
A if applicable

vV

(d) Chopped impulse test (k) Ferro-resonance test

' Yy 4

g) Lightning impulse test @on Wt
S%B%eklv Rzr(\)%ekl\l/ N%W.u. test
>
(i) AC test wet (h) Wet switching \ % > ¢
(

impulse test

Accuracy tests

End of the /\ Q End of theo

type test
Fig. 3a type test
L L | — — — L —— — — — L — — — L L — — p— —
A 4 [N
Routine \ \\ 4
test
N
]
7
AR
(e) Verification of terminal
markings
b 5 tegt
( W \\/ (f) AC-test on the
electromagnetic unit
\4 %\v
Method ~X Method B A 4
X (g) AC-test of low voltage
Mﬁ&\{m\ 9AC test terminal
N ! vV v
0
| (d) PD test (h) AC-test of secondary
windings
vV v
(b) C + tano test (1) Ferro-resonance check
l (i) Accuracy check
Y

: End of the
Fig. 3b é g é routine tests

Figure 3 — Flow charts test sequence to be applied when performing
the type test (figure 3a) and routine test (figure 3b)
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The following tests are routine tests. For details, reference should
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Routine tests

sub-clauses:

a)
b)
c)
d)
e)
)
9)
h)
i)
j)

Apart from the fact that determination of errors j) shall be peqd

c),

stangardized.

tightness of capacitor voltage divider (10.1);
capacitance and tand measurement at power-frequency (9.2);

power-frequency withstand test (10.2);

be made to the relevant

measurement of partial discharges (10.2.3);

verification of terminal markings (10.3);

power-frequency withstand tests on the electromagnetic unit (10.4);
ppwer-frequency withstand test on low voltage terminal (10.2.47;
ppwer-frequency withstand tests on secondary windings (10.4.2);
ferro-resonance check (10.5);

accuracy check (determination of errors) (10.6).

d), e), f), g) and h) the order or possible combipati

Repeated power-frequency tests shall be performed/at 8

Non |repeated power-frequency test

voltage.

8.3

The following tests are special tg
sub-¢lause:

Flow|cha

NOTH Small medifi

Special tests

nmeasurement of th

echanical g

Qo 3

etermination of

—

ightness design\e

cation\of the test sequence shall be agreed between manufacturer and purchaser.

9 Type Test

9.1

items

not

test

Temperature-rise test

The test shall be made to prove compliance with 6.5.

The test can be performed on the complete capacitor voltage transformer or on the
electromagnetic unit alone. When performed on the complete capacitor voltage transformer

the

primary voltage Up shall be adjusted in accordance with table 10.

When performed on the electromagnetic unit the intermediate transformer shall be adjusted
in such a way to have a secondary voltage Us in accordance with table 10.
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The temperature-rise test shall be performed with the rated burden or with the highest rated
burden, if there are several rated burdens (6.5). The temperature must be recorded.

When there is more than one secondary winding, the test shall be made with the appropriate
rated burden connected to each secondary winding simultaneously, unless otherwise agreed
between manufacturer and purchaser.

The residual voltage winding shall be loaded in accordance with 15.6.5.1.

The test site ambient temperature shall be between 10 °C and 30 °C.

The capacitor voltage transformers or the electromagnetic unit alone irrespective of voltage

fact
side
the ¢

U dlll.‘lI t;lllc Idt;lly b;ld“ IUU tcctcu‘ dt 1,2 t;lllcb tilc |atc:u' pl;llldly VU;tdgb‘. TiIU o CLUI
must be at the corresponding value. The test shall be continued until th
lectromagnetic unit) has reached a steady state.

dary
e (of

The [electromagnetic unit can be considered in steady state co e of
temperature rise does not exceed 1 K per hour. The temperaturg rise Il be
determined by the resistance variation method.
The ftemperature rise of parts other than windings ma s or
thermocouples.
The pmbient temperature can be measured by ed in
templerature insulation material, so th same
ordef of the electromagnetic unit one.

Voltage Thermal|limiting

fagtor outgut
Test Voltage | Electro- Co ete Electro- Complete Electro- Complete
with rated magneli capacitor magnetic | capacitor magnetic | papacitor
burdep until | unit Iltage unit voltage unit oltage
the tem- transformer transformer ransformer
peratyre
rise ig below
1 Kih. Up =12 Upr [yg - 12%R | Up =12 Upr |yg - 12%PR| Pp = 1,2 Ups

Kr Kr

Test oltaé Thermal linfiting output
for the last Up =Fy -Upg 1,9UpR| Ur = 1,9 Upr for specifigd windings
period of p A Us = K separatgly (6.5)
the tep
Duratjon continuous 30s 8 h

1) = Additional test if a thermal limiting output is specified.
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9.2 Capacitance and tand measurement at power-frequency
9.2.1 Capacitance measurement

The test may be carried out on the capacitor voltage divider, or on a capacitor stack or on
separate units. During this test the electromagnetic unit shall be disconnected.

The capacitance shall be measured using a method that excludes errors due to harmonics
and to accessories in the measuring circuit. The uncertainty of the measuring method shall
be indicated in the test report.

The final capacitance measurement shall be carried out at Upg = 10 % after the dielectric type
and/or routine tests. The measurement shall be carried out at rated frequency or by
agregment between U,8 and 1,Z times of rated frequency.

In order to reveal any change in capacitance due to the puncture of o ts, a
preliminary capacitance measurement shall be made before the diel i utine
tests|, at a sufficient low voltage (less than 15 % of rated voltage) {o € i cture
of anl element will occur.

NOTH 1 When there is an intermediate voltage terminal which is sti i WY 2 bltage
transfprmer is completely assembled the following should be measured
a) the capacitance between line and low voltage terminal or line apdea

b) the capacitance between the intermediate and low voltage te

NOTH 2 If the dielectric system of the capacitor is such tha 3 hge, it
is mofe meaningful to repeat the capacitance n e s that
previdusly used and then at the measuring voltage \whi

NOTH 3 If the number of elements in series in
punctlire has occurred because of the following

ner no

— reproducibility of the measurement.
— capacitance change caused p
— capacitance change caused b
— In|this case, it should bg example by comparing the capacitance variatipns of
capacitors of the sam € i of the capacitance change caused by the tempefrature
ingrease during{@b 9 hadtkocgurred. To reduce the measurement uncertainty it may be

convenient to ca

9.2.2 Tand measuke

The fapacito all be measured at Upr £ 10 % together with the capaciffance
measurements, us'a hat excludes errors due to harmonics and to accessoriges in
the measuxj i . Yhe “accuracy of the measuring method shall be given.| The

measurement patlpe carried out at the rated frequency or by agreement at between 0,8 and

9.3 Bhort-circuit withstand capability test

This ltest shall be made to prove compliance with 7.3, For this test, the transformer shall be
initially at a temperature between 10 °C and 30 °C. The capacitor voltage transformer shall
be energized between high voltage terminal and earth and the short-circuit applied between
the secondary terminals. One short-circuit shall be applied for the duration of 1 s. The current
shall be measured and recorded.

NOTE This requirement applies also to the cases in which fuses are an integral part of the transformer.

During the short-circuit, the r.m.s. value of the applied voltage at the transformer terminals
shall be not less than the rated primary voltage Upr between phase and earth.
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In the case of transformers provided with more than one secondary winding, or section, or
with tappings, the test connection shall be agreed between manufacturer and purchaser.

The capacitor voltage transformer shall be deemed to have passed this test if, after cooling to
ambient temperature, it satisfies the following requirements:
a) it is not visibly damaged;

b) its errors do not differ from those recorded before the tests by more than half the limits of
error in its accuracy class and there is no significant change in the value of the
capacitance;

c) it withstands the dielectric test specified in clause 10;

d) on examination, the insulation next to the surface of both primary and secondary windings
offthe eleciromagnetic unit does nof show significant deferioration (e.g. carbonizalion}.

The gxamination indicated in d) is not required if the current density in the winding~doeg not
exceed 160 A/mm? where the winding is of copper of conductivity no 9 gf the
valug given in IEC 60028. The current density is to be based on the xneasure trical
r.m.g. short-circuit current in the secondary winding.

NOTH For the examination of the variation of the capacitance see notes 1,
9.4 |mpulse tests

9.4.1 General

capacitor volfage tramsformer in accordance

0

minat and earth. The earth terminal
, the low voltage terminal of the
sondary winding and the frame|shall

Impulse tests shall be performed on a complete
with |JEC 60060-1.

The test voltage shall be applied betwee
of the primary winding of the inter
capafitor voltage divider, one of the t
be earthed during the test

The [impulse test gene
levels. The reference
withgtand volta

tage
bulse

The peak value and

Evidénce of jAsSulati ~ be at
both|referense and 2 barth

currgnt ges appearing across the secondary winding (s), shall be tak¢n in

NOTH 1 A faildre ofthe capacitor voltage transformer will be detected during the final routine test.
NOTH 2 The earth connéctions may be made through suitable current recording devices.

NOTH 3{ For this test overvoltage limitation elements shall be disconnected.

9.4.2 Lightning-Impulse test

The waveform of the applied impulses shall be in accordance with IEC 60060-1, but the front
time may be increased to a maximum of 8 ps, owing to the limitations of the testing
equipment.

The test voltage shall have the appropriate value, given in table 4 depending on the highest
voltage for equipment and the specified insulation level.

a) Range l: Uy, < 300 kV

The test shall be performed with both positive and negative polarities. Fifteen consecutive
impulses of each polarity, not corrected for atmospheric conditions, shall be applied.
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b)

9.4.3 Chopped impulse test

The
pola

described below.

The

- 34 - Copyright © 2002

The capacitor voltage transformer passes the test if for each polarity:

— no disruptive discharge occurs in the non-self-restoring internal insulation,
— no flashovers occur along the non-self-restoring external surface insulation,
— no more than two flashovers occur across the self-restoring external insulation,

— no other evidence of insulation failure is detected (e.g., variations in the waves

, IEC

hape

of the recorded quantities for the same voltage level. Overvoltage limitation elements

may have different influence on the waveshape at different voltage levels).

NOTE The application of 15 positive and 15 negative impulses is specified for testing the internal and
external insulation. If other tests are agreed between manufacturer and purchaser to check the external
insulation (see 9.5.1), the number of lightning impulses may be reduced to three of each polarity, not

corrected for atmospheric conditions.

ange II: Uy, = 300 kV

The capacitor voltage transformer passes the test if:

+ no disruptive discharge and no external breakdow

+ no other evidence of insulation failure is de

test shall be carried out on a co
fity only and combined with the

the drest value has bden reach

arrarjged that the amqun

limited to 30 % @ P

The

chop

The

a) fo

utive

hape

nner

after
e so
Il be

gap.

The

b) for capacitor voltage transformers rated for Uy, > 300 kV

one full impulse
two chopped impulses

two full impulses

Differences in waveshape of full wave applications before and after the chopped impulses are
an indication of an internal fault. Flashovers during chopped impulses across self-restoring
external insulation shall be disregarded in the evaluation of the behaviour of the insulation.

NOTE The chopped impulse test replaces the discharge test in IEC 60358.
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9.5 Wet test for outdoor capacitor voltage transformer
The wetting procedure shall be in accordance with IEC 60060-1.

9.5.1 Capacitor voltage transformer having U, < 300 kV (Range I)

The test shall be performed on a complete capacitor voltage transformer with rated short
duration power frequency withstand voltage of the appropriate value given in table 4
depending on the highest voltage for equipment applying corrections for atmospheric
conditions.

During the wet a.c. test the damping and protective devices shall be disconnected. If the
intermediate connection between the electromagnetic unit and the capacitor divider is an
|nS|d ty}JU, tilU U:Ubtlullldyllctib unit odall IL)U UI;DL;UIIIIUL:tUUI. if t:lc illtcllllUU‘;atU CUTITI bt|0n
betwgen the electromagnetic unit and the capacitor divider is an ouiside typey the
electromagnetic unit can be disconnected but then it must be wet teste ith the
a.c. yoltage and duration as specified in 10.4.1.

9.5.2 Capacitor voltage transformer having U, >
The test shall be performed on a complete capacitor voltage_tra } with

9.4.1 only with positive switching impulse voltage of the<a le 4,
depegnding on the highest voltage for the equipment andTt

Fifteen consecutive impulses, corrected for atmgsg i iti , ied. door
type [transformers shall be subjected tg y : [

The capacitor voltage transformer passes_th

— np disruptive discharge occurs in the ngmsel g internal insulation,

— np flashovers occur a -in external surface insulation,

— np more than two fl the gelf-restoring external insulation

— np other evidece Q ati 3 isdetected (e.g. variations in the waveshape qf the
recorded qua p \

NOTH Test arrang

9.6 Ferro-reso

The foIIowm te 3 ade on a complete capacitor voltage transformer or on the
equiyale i ROV 8 ¥liance with 7.4.2.

To realise t ivalent’circuit, the actual capacitor or capacitors shall be used. The fests
shallfbe made byshort-circuiting the secondary terminals. The short circuit will be opengd by
a prqtective-device thosen for this purpose by agreement between manufacturer and uder. If
no agreement has been made, the choice is left to the manufacturer.

If a fuse is used as a protection device, the time duration of the short circuit may be shorter
than 0,1 s.

The burden of the capacitor voltage transformer after the short circuit shall be only that
imposed by the recording equipment and shall not exceed 1 VA. The voltage of the power
source at the high-voltage terminal, the secondary voltage and the short-circuit current during
the test shall be recorded. Records shall be part of the test report.

During the test, the voltage of the power source shall not differ by more than 10 % from the
voltage before short circuit and it shall remain substantially sinusoidal. The voltage drop over
the short-circuit loop (contact resistance of the closed contactor included), measured directly
at the secondary terminals of the capacitor voltage transformer, shall be less than 10 % of
the voltage at the same terminals before the short circuit.
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a) Ferro-resonance test for effectively earthed neutral system (7.4.2; table 7a): the test shall
be made a minimum of 10 times at each primary voltage specified in table 7a.

b) Ferro-resonance test for non-effectively earthed neutral system or isolated neutral system
(7.4.2; table 7b): the test shall be made a minimum of 10 times at each primary voltage
specified in table 7b).

NOTE 1 |If it is known that a saturable burden will be used in service, agreement should be made between user
and manufacturer regarding the tests to be made at or near that burden.

NOTE 2 In order to ensure that the voltage of the power source does not differ during the test by more than 10 %
from the voltage before short circuit, the short-circuit impedance of the supply circuit should be low.

9.7 Tightness test of a liquid-filled electromagnetic unit

The tightness test shall be a type test on the electromagnetic unit assembled as for normal
service. filled with the liquid specified. A minimum pressure of (0.5 + 0.1) x 10° Pa above the
maximum operating pressure shall be maintained during 8 h inside the e.m.u. The e|m.u.
shall{be considered to have successfully passed the test if there is no evid eof leakade.

9.8 Accuracy tests
9.8.1 General

The |tests shall be made at rated frequency, at room ~ > reme
temperatures on a complete capacitor voltage transformer.

The equivalent circuit can be used for class > 1.

For ¢lasses 0,5 and 0,2, the use of t ce of

templerature shall be agreed upon bet

NOTH Tests at extreme temperatures on a cophplete capagito sts on

the equivalent circuit or than a calculation of e, but are very difficult to perform and are
expensive. Tests on a complete e the best possible indication concernipg the

gmperatuse | ge,
ive. apacitor voltage tran er a i indi
measliring errors which may appearip sgrvicenbexausengf'the changes in ambient temperature.
If thg

burde
carrie

e¢nts under identical conditions of volfage,
the standard reference range — have tpo be
and once with the equivalent circuit.

The Hese two measurements must not exceed 20 % qgf the
accu Y d 4 min for accuracy class 0,5). It shall be taken into
acco 4 20 %, when determining the errors of the complete capacitor
volta - of temperature and frequency.

Prov 3 characteristics of the capacitor divider are known ovel the
refer , the errors at extreme values of temperature may be
dete ations based on the measured results at one temperature and the

temperature " coefficient of the capacitor divider. Alternatively, a measurement at room
templerature onIy may be performed on the equwalent circuit if the equivalent capaC|tar ce —
e.g. [ DU . 3 3
correspondlng to the temperature extreme values takmg |nto account the temperature
coefficient of the actual capacitor divider.

Tests at a constant value of temperature shall be made at the extreme values of frequency.

The actual values of test frequency and test temperature shall be part of the test report.

NOTE 1 The tests show the influence of burden, voltage and frequency as well as of temperature on the
equivalent capacitance C1 + C2 on the value of error. Attention should be paid to the fact that the temperature

effect on the inductive reactance and on the winding resistances of the electromagnetic unit can be determined
only if the actual electromagnetic unit is subjected to the extreme temperatures. As a supplementary indication
concerning changes in the capacitor divider ratio caused by temperature, it is recommended to measure the
voltage errors and phase displacements before and immediately after - or during - the temperature-rise test of 9.1
performed as a direct test on the capacitor voltage transformer. In this case, the measurement as well as the
temperature-rise test cannot be performed on the equivalent circuit or on the electromagnetic unit alone.
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NOTE 2 Present day service experience has shown that capacitor voltage transformers may be used
satisfactorily in the accuracy class 0,5. Sudden changes in temperature, particular weather and pollution
conditions, stray capacitance and leakage currents may affect voltage errors and phase displacements. These
influences, that can be evaluated only by theoretical considerations, are mostly important for capacitor voltage
transformers of higher accuracy classes.

9.8.2 Measuring
To prove compliance with 14.4, type tests shall be made at 80 %, 100 % and 120 % of rated
voltage, at standard reference range of frequency values for measuring and with values in

accordance with table 11 at a power factor of 1 (Range 1) or at a power factor of 0,8 lagging
(Range Il) on a complete capacitor voltage transformer.

Table 11 — Burden ranges for accuracy tests

Burden Preferred values Test values

range of rated output in VA of rated output ipf%\
| 10 25 5 0 and 198
I 10 25 50 100 25 ayf\%Q \

9.8.3 Protection

To prove compliance with 15.4 type tests shall be piade arfd 100 % of fated
voltage and at rated voltage multiplied by the rated/vol ,5 or 1,9) at the two
extrgm values of the standard reference range of<{reque K ion and with values of
rated output in accordance with table DAY ge 1) or at a power factor

of 0,8 (Range Il) lagging on a complete capaé

To prove compliance wit hall be made simultaneously gn all

and 9.8.3.

Ordering transformer nore secondary windings, because of |[their
interhpendenc@ put ranges, one for each winding, the uppel limit
of egch output r € standard rated output value. Each winding should
fulfil jits respective a within its output range, whilst at the same timg the
other winding(s) Hawe ~ value of its output range between 0 % and 100 6. In
proving complj i irement, it is sufficient to test at extreme values only. [If no
specjfication{of Ov supplied, these ranges are deemed to be in accordance with

tableg 11.

9.9 [fransie

9.9.1 General

The |test shall be carried out only on the capacitor voltage transformer for protection
purposes: FHe—testcanmbemade—onthe bUIIIpiUtU bapabitw vuitagc tramsformer—or—n the
equivalent circuit made up with the actual capacitors.

The test shall be performed by short-circuiting the high voltage source at the actual primary

G at 100 % and 25 % or 0 % of rated
1+C,

voltage Up or in the equivalent circuit at Up -

burden.

The burden shall be one of the following possibilities:

a) series burden composed of a pure resistance (range 1) and an inductive reactance
connected in series with a power factor of 0,8 (range II).
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b) pure resistance burden.

The nature of the burden of the capacitor voltage transformer affects the transient
response test results.

The measuring or other windings should be loaded as in practice but not higher than 100
% of the specified burden.

The test shall be made twice at the peak of the primary voltage and twice at the zero
passage of primary voltage. The phase angle of the primary voltage shall not differ by
more than £20° of the peak and zero crossing.

NOTE 1 Modern microprocessor-based protection systems have a power factor of unity.

NOTE 2 By agreement between manufacturer and purchaser the test can be performed with burden as connected
in pragtice

9.9.2 The test values of the actual primary voltage (Up)
Up depends on the specified voltage factor F,,.

a) (ontinuous operation : 1,0 and 1,2 Upr
b) Short duration overvoltages : 1,5 or 1,9 Upr

For @) and b) see table 2.

The {est circuit is shown in figure 4.

The primary and secondary voltages Shail be scifloscope. The records [shall
be part of the test report.

NOTH 1 Requirements for transient response

NOTH 2 For measuring the inpuf voltage U alsp a

A 1 intermediate-voltage terminal
2 compensation inductance
_ ‘ 3 intermediate-voltage transformer
u _M 4 burden Z g
(C+Cy) ®

5 record of secondary voltage
6 record of primary voltage
7 voltage measuring transformer
8 Short circuit device
9 voltage source
10 high-voltage terminal

e » . n 11 low-voltage terminal
\> =

Figure 4 — Diagram of a capacitor voltage transformer
for the transient response test using equivalent circuit method
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Burdens for the transient response test.

a)
Lq Rs
._/V\M_‘:,_,
. ZB ‘
Figure 5 — Series burden
b)
where

Sk = rated burde

UL, = rated @1
|ZL| = impedance

|

NOTH 1

NOTH hce is
comp nd of
a sepqrate

NOTH 3 power
factor

9.10( Radiointerference voltage test

The pdapacitor voltage transformer, complete with accessories, shall be dry and clean apd at

+ ol 4l 4 4 4l Lol 4 H laaalatlo + - <l
appr I\Illlalcly Uic odllic ICTITTpTlidtiulc ao UIc IaUUIaLUIy TOUTITT TTT WITTICIT UTC TTol 1o 1T1TdJUtT.

The test shall be performed in accordance with IEC 60044-2.

In accordance with this document, the test should be performed under the following
atmospheric conditions (see CISPR 18-2):

— temperature between 10 °C and 30 °C
— pressure between 0,870 x 10° Pa and 1,070 x 10° Pa.

— relative humidity between 45 % and 75 %

NOTE 1 By agreement between user and manufacturer, tests may be carried out under other atmospheric
conditions.

NOTE 2 No correction factors for atmospheric conditions in accordance with IEC 60060-1 are applicable to radio
interference tests.
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A pre-stress voltage of 1,5 Uy, /4/3 shall be applied and maintained for 30 s.

Then the voltage shall be decreased to 1,1 Uy, /4/3 in about 10 s and maintained at this value
for 30 s before measuring the radio interference voltage.

The capacitor voltage transformer shall be considered to have passed the test if the radio
interference level at 1,1 Um/\/g does not exceed the limit prescribed in 7.5.1.

NOTE By agreement between manufacturer and user, the RIV test as described above may be replaced by a
partial discharge measurement applying the pre-stress and test voltages specified above. Any precaution taken
during PD measurement performed in accordance with 10.2.3 for avoiding external discharges (i.e. shielding) shall
be removed. In this case the balanced test circuit is not appropriate. Although there is no direct conversion
between RIV microvolts and PD picocoulombs, the capacitor voltage transformer is considered to have passed the
testif at 1.1 Um /./3 the partial discharge level does not exceed 300 pC

10 Routine tests

10.1| Tightness of the liquid-filled capacitor voltage divider
The tightness test shall be a routine test on the capacitor voltage div parate yinits.
The tightness test shall be done with a pressure of the liguid above 1 sure,

NOTH On agreement between manufacturer and purchaser a special teskca i tness
design of capacitor units (11.4).

10.2|] Power-frequency withstand tes
partial discharge

10.2/1 General

The power-frequency withs

The fest shall be carri tage
shall|be rapidly increased\ fy« d for
1 min, unless otherwise agregd c > bfore
bein{ switched@ & thi lectfomagnetic unit may be disconnected from the
capalcitor voltage diyidex,

Capdcitance gl discharge measurements (10.2.3) can be made dpring
the g.c. test i ider or on the sub-systems.

10.2{2 ™A i an and measurement of C and tand on a capacitor voltage

Every capacitor voltage divider or capacitor stack or unit shall be subjected to an a.c| test
and [ and)tané measurements. The test voltage being applied between the high voltage and
the gartb’terminals when testing a capacitor stack, and between the terminals when testjng a
unit. VWWhen a low voltage terminal Is provided, It shall be connected direcily, or by a low
impedance, to earth during this test. During the test, neither puncture (see 9.2.1) nor
flashover shall occur.

The capacitance C shall be measured at a voltage less than 15 % of the rated primary
voltage Upr for reference before and after the power-frequency withstand test.

The value of the test voltage shall be equal to:

rated voltage of the unit
rated voltage of the stack

1,05 x test voltage of the stack x when testing a single unit forming

part of a stack.
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The value of the test voltage shall be equal to:

rated voltage of the stack
rated voltage of the complete CVT

1,05 x test voltage of the complete CVT x

when testing a single stack forming part of a complete capacitor voltage transformer.

The test voltages for CVT's with U, < 300 kV (Range I) or U, > 300 kV (Range Il) shall have
appropriate values given in table 4 depending on the highest voltage for equipment.

EXAMPLE:

— Highestvoltage Tor equipment: Uy, = 525 KV;

— Rdted short-duration power-frequency withstand voltage: 680 kV;
Table 12 — Test voltages for units, stacks and complete capacit(g/\\ age dividén
Number

Test voltage (r.m.
kV

Units Stacks Unit Stack M\ge a;ﬁ‘citb&
olta tr&({rmer
2 - 340 - 1,05 - 8680 \
4 2 170-1,05 | 340-1,06 | ~ D
6 3 113-1,05 | 227,008 [ /. & 680

Capagitance C and tand shall be measured at:

rated voltage of the unit
UT = PR X or
rated voltage of thestack

it and bome

oftest ojrCults are shown in figures 7 to 10.

The jnstrumerficusedshall measure the apparent charge q expressed in pico-coulomb [pC).

A wigdexband instrument shall have a band width of at least 100 kHz, with an upper cpt-off
frequency mot—exceeding 2 MHzNarmow=bamd—instroments—stratt—rave—theirTesonance
frequency in the range 0,15 to 2 MHz. Preferred values should be in the range from 0,5 to
2 MHz but, if feasible, the measurement should be performed at the frequency which gives
the highest sensitivity.

The sensitivity and noise-level shall allow to detect a partial discharge level of 5 pC to prove
compliance with 7.2.3, table 5.

NOTE 1 Pulses that are known to be caused by external disturbances can be disregarded.
NOTE 2 For the suppression of external noise, the balanced test circuit is appropriate (figure 9)

NOTE 3 When electronic signal processing and recovery are used to reduce the background noise, this shall be
demonstrated by varying its parameters such that it allows the detection of repetitive pulses.
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T Test transformer

C, Capacitor voltage divider to be tested

Cy coupfing capacitor = T nf

M PD measuring instrument

Z. Measuring impedance

z Filter

NOTH The filter is not present if Ck is the capacitance of the test transformer

Figure 7 — Test circuit

Symbels as in figure 7

Ceﬂ Caz or Ck

T Test transformer

Caq Capacitor divider under test

C,o  Auxiliary object or C, (Coupling capacitor)
M PD measuring instrument

Z, Measuring impedance

4 Filter

NOTE The objects C,, or Cy in the second bridge branch shall have a similar impedance as the capacitor voltage

divider C,1 - C,, can be another capacitor voltage divider of similar capacitance.

Figure 9 — Example of balanced test circuit
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Figure 10 — Example of calibration circuit

Symbols as in figure 9

G Pulse generator with capacitance Cg,

10.2{3.2 Test procedure for capacitor voltage divider or on sub-systems (see 10.2,2)

Aften test

volta Il be

meas

The

Proc tage

after

Proc The

appli 60 s,

then

If ndt otherwise specified, the choice of proce left to the manufacturer. The| test

method used shall be indic st .

10.2{4 AC-withstand testg ageterminal of the capacitor voltage divider (7.2.1

and [.2.2)

Capacitor voltaid Qltagé terminal shall be subjected for 1 min to g test

voIta(E ' , [tage

of 1 1\ ' if a

carri tage

trang

— Duyi

NOTH uency

acces|

- f it should be
prievented—from—functioning—during—the—test—TFhe—carrior—froquency—ac6es6o tes—should

— If the test voltage is too low for the insulation co-ordination of the carrier-frequency
accessories with the low voltage terminal, a higher value may be agreed upon the request
of the purchaser.

10.3

Verification of terminal markings

It shall be verified that the terminal markings are correct (13.1 and 13.2).
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10.4 Power-frequency withstand tests on the electromagnetic unit
10.4.1 Insulation test of the electromagnetic unit

The test voltage shall be applied between the intermediate voltage terminal and earth. It shall
have a rated short-duration power-frequency withstand voltage of

Upr X 3,3 X _G
C+ C,

(r.m.s.).

The frequency of the test voltage may be increased above the rated value to prevent
saturation of the core. The duration of the test shall be 1 min. If, however, the test frequency

exceeds-twice the rated frnqnnnpy, the duration of the test may- be reduced-from-1-min. as

follows:

(twice the rated frequency)
test frequency

duration of test =

with g minimum of 15 s.

NOTH If a protective device across the electromagnetic unit is |nrpo atedi-it>s from
functipning during the tests. Any protective gap across the carrier; eSS -cincuited
during the tests.

10.4)2 Tests between sections and on seconga

The vely.
The dary
wind and
the te

10.5

The ivalent
circujt.

The d the

limits

able 13 — Ferro resonance check

ber of short-circuiting

N [
\(u?:e secondary terminals

Ferro-resonance
oscillation
duration T¢

Error
EF

after duration T

%

<10

<10

The test procedure must be in accordance with 9.6 with the exception of the number of

voltages and short-circuits.

The capacitor voltage transformer has passed the ferro-

resonance check, if the duration and the error do not exceed the limits specified in table 13.

10.6 Accuracy check

The accuracy check shall be done with rated power-frequency, at ambient temperature and
on the complete capacitor voltage transformer or on the equivalent circuit for the accuracy
classes > 1 in accordance with table 14.
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NOTE

1 Notes for the equivalent circuit

— 45 —

a) The equivalent circuit can be used, if a comparison between the accuracy test on a complete transformer
during type test and accuracy test in the equivalent circuit has shown that the difference between measured
values is less than 20 % of the accuracy class limits.

b) To realize the equivalent circuit the actual capacitor or different capacitors can be used. If different capacitors
are used they can be adjusted to the actual measured values.

NOTE 2 Complete CVT and equivalent circuit

a) The margin is to account for variations in error resulting from temperature and frequency when the transformer
is used within its reference ranges of temperature and frequency. The allowance is determined by considering
the worst case influence of temperature and frequency occurring simultaneously. This margin depends on the
type of capacitor dielectric and on the design. In the error diagram of figure 11, 20 % + margin is indicated.

The margin will be defined by the manufacturer.

b) If the accuracy check is done on a complete capacitor voltage transformer some margin will be added for the
combined effect of frequency and temperature.
Table 14 — Accuracy check points (example)
A\ (\
Secopndary winding (s) Checking voltage Test ranges c}l\rat\c\d\wtp}t\in\%\ )
Range | & Range Il
Power fac 1 ower factor 0,8 (lagging)
Standard values w Standard values |of
rat}d—o.lkt t rated output
"4)../&\5 X >10 ... 100 VA
Me(as‘c{l\qg) F?r{)te}an Measuring Protection
one measuring winding 1. Upr (\\ 06 ( U -‘\/ 25 -
100 N A/ 100 -
one pfotection winding 0,05 - Upr \- 0 - 25
( N 100 - 100
Fy> UPR\( O~ \\/ 0 3 p5
\ M\ N~/ 100 - 100
one measuring and easuri > 0 0 25 0
one pfotection windin TN Upr 100 100 100 100
< Pr ew 0 0 0 25
N& R 100 100 100 100
rotextion 0 0 0 25
(\ N [Fo\Ure 100 100 100 1oo
AN
al%l o, .
7 margin
‘ 20%
/
-40 +40 @, [min]

+1

Figure 11 — Example of an error diagram of class 1 CVT

for accuracy check with the equivalent circuit
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11.1 Measurement of the transmission factor of high frequency overvoltages

The t

est and measuring conditions are described in IEC 60044-2.

The capacitor voltage transformer is considered to have passed the test if the value of the
transmitted overvoltage does not exceed the limits given in table 8.

11.2

Mechanical strength test

The tests are carried out to demonstrate if a capacitor voltage transformer is in compliance
with the requirements specified in 7.6.

The |capacitor voltage transformer shall be completely assembled and

posit

The

on with the frame rigidly fixed.

The fapacitor voltage transformer shall be considered to havé pas
evidence of damage (deformation, rupture or leakage).

alled in ‘vé

Type of capacitor
voltage
transformer

terminal

With Horizontal
voltage <\(\ Q

AVENAN
O

1
DN i—

rtical

S no

Withthrough Horizontal

current to each

terminals terminal
Vertical
to each
terminal

NOTE The test load shall be applied to the centre of the terminal.
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11.3 Determination of the temperature coefficient (7¢)

The determination of the temperature coefficients for the capacitance values of C; and C,
and their tand values shall be performed according to IEC 60358.

11.4 Tightness design test of capacitor units

This test is performed to prove the quality of design of the capacitor unit tightness and the
compliance with the requirement given in 7.7 and 10.1.

NOTE This test is not an ageing test. It is not intended to solve tightness problems due to ageing that have been
observed with particular designs of capacitor voltage divider parts.

The test shall be done with a pressure of the liquid at least 10° Pa higher than the maximum
operating pressure that could be reached under normal service conditions and at a

t + f£onom £ .o L
emperatatre-oroo— G Toto -

The |capacitor voltage divider shall be assembled as for normal sexvice. TI nsion
devige of the capacitor unit may be specially calibrated for the te ) °C.
Apprppriate arrangement can be done to contain mechanical defo ° Pa
overipressure.

The |iquid filled capacitor voltage divider shall be considere here

is nolevidence of leakage during and after the test.

12 Marking of the capacitor units

12.1| General

Warning plate

If thg capacitor unit contain? ig dous
in any other way, the unit i f the
coungry of the user, whe_i

12.2| Marking

Ratin

en on the rating plate of each capacitor unit:

13 Terminal markings

13.1 General

These markings apply to a single-phase capacitor voltage transformer.

13.2 Markings

Terminal markings

Markings shall be in accordance with figures 12, 13, 14 and 15.


https://iecnorm.com/api/?name=f8eb29adef68ecd206fe587fefedb305

- 48 - Copyright © 2002, IEC

A

1

C
a
n

Figure 12 — Single-phase transformer with a neutral
primary terminal and a single secondary

% N
Figure 14 — Single-phase transformer with a neutral
rimary terminal and with two tapped secondaries

A

C,
a
i n
; i .
dn
N

Figure 15 — Single-phase transformer with a neutral primary terminal,
with one residual voltage winding and a single secondary
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14 Additional requirements for measuring capacitor voltage transformer

14.1

For measuring capacitor voltage transformers,

Accuracy class designation

the accuracy class is designated by the

highest permissible percentage voltage error at rated voltage and with rated burden,
prescribed for the accuracy class concerned.

14.2

Standard reference range of frequency

The
freqy

14.3

The

standard reference range of frequency shall be from 99 % to 1017 % of the
ency for accuracy classes for measurement.

Standard accuracy classes

standard accuracy classes for single-phase metering capaci formeérs

0,2-0,5-1,0-3,0

Fated

are:

14.4| Limits of voltage error and phase displace
The ypoltage error and phase displacement shal 6 for
the pppropriate accuracy class at the
reference ranges and with burdens fr nge |
or with burdens from 25 % to 100 % of r
Table 16 — Limits of wolta
fo as?rrlhg{
Accpracy Percen ge Phase displacement ¢,
clpss rati )er +
Minutes Centiradians
d.2 \/ 10 0,3
Q.5 20 0,6
1.0 40 1,2
3,0 Not specified Not specified
NOTH 1 N\ﬂﬂ\}mpedance) of a compensated bridge is very low (= 0) (very high).
NOTH 2 The po factonof the rated burden shall be in accordance with 9.8.2
NOTH 3 For-€VT’s having two or more secondary windings (see 9.8). If one of the winding is loaded only
occasjonally for short periods or only used as a residual voltage winding its effect upon other windings nfay be

negle

telds
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& [%]

-0.5)

-0.2

-4Q -20| -10 10 |20 40

@y [min]

0.2

, IEC

Fig

14.5
14.5

Top
volta
upp

14.5

Rout]
of va
show
tests

15.1
The

0.5

ure 16 — Error diagram of a capacitor voltage transforme
1,0

Tests for accuracy

1 Type tests

high

from1522Y

accuracy class for a protective capacitor voltage transformer is designated by
st permissible percentage voltage error prescribed for the accuracy class conce

sses 0,2, 0,5 and

rated
t the

mber
been
er of

the
ned,

This expression is followed by the letter “P”. In 15.5 three additional classes for transient
performance are introduced: T1, T2 and T3. Class 3PT1, for example, incorporates the
performance of class 3 P and class T1 for transient performance.

15.2

Standard reference range of frequency

The standard reference range of frequency shall be from 96 % to 102 % for accuracy classes
for protection.

15.3

Standard accuracy classes

The standard accuracy classes for protective capacitor voltage transformers are “3P” and

“6P”.
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15.4 Limits of voltage error and phase displacement

The voltage error and phase displacement shall not exceed the values given in table 17 for
the appropriate accuracy class at 2 % and 5 % rated voltage and rated voltage multiplied by
the rated voltage factor (1,2, 1,5 or 1,9), and at any value of temperature and frequency
within the reference ranges and with burdens from 0 % to 100 % of rated value for burden
range | or with burdens from 25 % to 100 % of rated value for burden range II.

NOTE 1 The power factor of rated burden shall be in accordance with 9.8.2.

NOTE 2 For CVT’s having two or more windings (see 9.8.4). If one of the windings is loaded only occasionally for
short periods or only used as a residual voltage winding, its effect upon other windings may be neglected.

NOTH 3 Where transformers have different error limits at 5 % of rated voltage and at the upper voltage limiit (i.e.
voltage corresponding to rated voltage factor 1,2, 1,5, 1,9), agreement should be made be manufacturer and
purchaser.

Table 17 — Limits of voltage error and phase displ
for protective capacitor voltage transform<:\

Percent voltage (ratio) Phase displace en\at\krc nt}gi)
error at percentage of
rated voltage
Eu
+
M@t\éi/ Centiradians
N\
Percentage
of rated
voltage | > | 5 | 100 | X 5 100 X
Proteftion
classes \
3p 6.0 [3.0] S0 3p/ 240\ [0 [ 20 [ 120 | 70 | 35 | 35 |35
6P 12,0 60 6,0 480 \K/ 240 240 14,0 7,0 7,0 7,0

NOTEH X=Fy, x10 tehglolta@% k\\pg 3100)

peak
at a
Us

U, (©

v - U@

d r'd / (2)
y ”’__-— -~§\ / (3)
s \\\;// 1) Short circuit of Up(t)
\,

/ 7’
7 -’ \
4 \
12 Lol 2) Aperiodic damping of Us(t)
¢ \\T_,»—’ t, T,[s]  3) Periodic damping of Us(t)

Figure 17 — Transient response of a capacitor voltage transformer
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15.5.2 equirements for transient response

Following a short circuit of the supply between the high-voltage terminal A and the low
voltage terminal N connected to earth, the secondary voltage of a capacitor voltage
transformer shall decay within a specified time Tg to a specified value of the peak voltage

before application of the short circuit (see figure 17).

15.5.3 Standard transient response classes

Characteristic of the transient response is the ratio of secondary voltage Us(t) at a specified
time Ts after application of a primary short circuit to the peak value of the secondary

voItalge \/EUS before the application of the primary short circuit.

Table 18 — Standard values

Time Tg Clas=e$\ \ \\)

RGP
P N

between manufacturer and purchaser.

E 4 The choice of transient response class depends on charac-
teristics of the specified protection relays.

If a damping device is used, the proof of the reliability of this device should be part of an
agreement between manufacturer and purchaser.

15.5.4 Transient response type tests

The test shall be carried out in accordance with 9.9.

15.6 Requirements for secondary windings intended to produce a residual voltage

15.6.1 Rated secondary voltages

Rated secondary voltages of windings intended to be connected in broken delta with similar
windings to produce a residual voltage are given in table 19.
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